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INTRODUCTION
Involvement of the tubulointerstitial compartment in renal diseases can be either primary or secondary due to glomerular, vascular, or structural disease. Granulomatous tubulointerstitial nephritis (GIN) is a rare histologic diagnosis found in 0.9% of native renal biopsies and 0.6% of renal transplant biopsies [1] . Although this illness is often reversible, progression to chronic renal disease can occur. While Streptococcus was the predominant infectious cause of acute GIN in children before the antibiotic era, nowadays other pathogens have become important causes.
Influenza is an acute febrile illness caused by influenza viruses. Most influenza infections are uncomplicated, with the illness being limited to symptoms of upper respiratory tract infection in combination with a number of constitutional symptoms. Unfortunately, a number of patient groups are at risk of severe illness and complications affecting multiple organ systems.
CASE REPORT
A 17-year-old female patient presented with an acute kidney injury (AKI) after two weeks of respiratory tract infection, skin rash and hypermenorrhea. Excessive bleeding led to hypovolemia and anemia (Hgb = 52 g/l), so she was treated with packed red blood cell transfusions, intravenous antibiotics (ceftriaxone, metronidazole) as well as gestagen (norethisterone) for six days. The treatment was initiated in the regional hospital. On Day 4, serum creatinine had risen from baseline 109 μmol/l to 320 µmol/l corresponding to AKI pRIFLE-F, urging the referral to our institution [2] .
Personal medical history revealed premature delivery at week 32 due to preeclampsia. After birth, the patient had neonatal meningitis with consequent hydrocephalus requiring implantation of ventriculoperitoneal shunt. Menarche was registered at the age of 13, with irregular menstrual bleeds since then.
Physical examination on admission revealed pulse rate of 90 beats per minute, blood pressure of 90/60 mmHg, bilateral pedal edema, macular rash at lower extremities, and pneumonia (confirmed by chest X-ray). She had fever and oliguria. Complete blood count showed normocytic anemia. Erythrocyte sedimentation rate was elevated (40 mm/h). Urinalysis showed hematuria with 1+ proteinuria and mild pyuria. Blood chemistry revealed elevated serum creatinine 349 µmol/l with estimated glomerular filtration rate using Schwartz formula (23 ml/min/1.73m2) [3] . Proteinuria was 652 mg in 1,240 ml of 24-hour urine collection.
Ultrasound showed normal size kidneys with normal corticomedullary differentiation.
Levels of complement proteins C3 and C4 were normal, and all immunological investigations performed (antinuclear antibodies, antineutrophil cytoplasmic antibodies, lupus anticoagulant, antiphospholipid antibodies, and anti-transglutaminase antibodies) were negative. Urine culture for Mycobacterium tuberculosis and Mantoux test were performed, and all results were negative. Coagulation screen (PT, aPTT) was normal, as well as upper gastrointestinal endoscopy and fecal occult blood test. Diagnosis of influenza A:H1N1 infection was confirmed by real-time polymerase chain reaction assays in respiratory specimens.
Percutaneous renal biopsy was performed to identify the cause of AKI, and light microscopy showed normal glomeruli (five out of five). Interstitium showed peritubular granulomas with giant cells and fibrinoid necrosis. Several foci of mononuclear cell infiltrate comprising mainly lymphocytes and monocytes were also found in interstitium. Similar inflammatory infiltrates were seen around large blood vessels and a greater infiltrate around one arteriole. Immuno-morphologically, C3 complement component positivity along the tubular basement membrane was revealed. Staining for immunoglobulins A, M, G, and E was negative. A diagnosis of GIN was made (Figure 1. A-E) .
The patient was treated with oseltamivir phosphate (Tamiflu; Genentech, Inc., South San Francisco, CA, USA) orally (150 mg/d) combined with glucocorticoids (oral prednisolone 60 mg/m 2 /24h for six weeks, then 40 mg/m 2 /48h for another month). Prednisolone was tapered down slowly 5 mg per week over two months. Anemia was treated with packed red blood cell transfusions (for transfusions). The treatment resulted in a complete remission that maintained during two years of follow-up.
DISCUSSION
Primary tubulointerstitial nephritis (TIN) is a syndrome with a wide clinical spectrum characterized histologically by inflammation and damage of tubulointerstitial structures, with relative sparing of glomerular and vascular elements [4] .
It is estimated that acute TIN accounts for 10-25% of reported cases of AKI in adults, and up to 7% of children [5] . However, both in children and adults acute TIN may be underreported as many patients with AKI recover spontaneously after removal of the suspected offending agent, and definitive diagnosis based on a renal biopsy is not routinely established [6] .
Our patient presented with AKI two weeks after respiratory tract infection. She was treated with intravenous antibiotics (ceftriaxone, metronidazole). Also, the girl had an excessive bleeding due to hypermenorrhea, which led to hypovolemia and anemia. Medications, rather than infection, are now the leading cause of acute TIN in children [7] . Antimicrobials and nonsteroidal anti-inflammatory drugs are the most common drugs causing acute tubular necrosis (ATN) in children [8] . Drug-induced acute TIN is an idiosyncratic reaction, and as such it is difficult to predict which patients will be affected. No specific risk factors have been consistently identified.
Hypotension and hypovolemia are the two most important causes of decreased renal perfusion [9] . Renal ischemia and hypoxia can cause endothelial and epithelial cell dysfunction that becomes apparent once blood flow is restored. Both apoptotic and immune mechanisms are implicated in the renal dysfunction that follows ischemia and reperfusion [10] . This girl developed GIN with AKI, but there were no signs of rhabdomyolysis or evidence of direct viral-induced AKI, suggesting that AKI may be mainly secondary to hemodynamic events.
Rapid reversibility and the absence of any systemic sings of autoimmunity render an underlying immune disorder (e.g. systemic lupus erythematosus, sarcoidosis, Wegener granulomatosis, Sjogren's syndrome) unlikely.
Numerous infectious agents have been implicated in the pathogenesis of acute TIN. Infections may induce acute TIN by two distinct processes. Organisms may directly invade the renal parenchyma, producing local renal infection and inflammation. This form of acute TIN may respond to treatment of the underlying infection. Alternatively, organisms may induce "reactive" intrarenal inflammation without evidence of renal infection. Mechanisms for the renal inflammatory reaction in the absence of renal infection are not clearly elucidated but are presumed to be immunologically mediated [11] . Since many viruses have been linked with TIN, we postulated a causal relationship between the proven influenza H1N1 infection and TIN. Nevertheless, we did not rule out other infections known to cause acute TIN, such as cytomegalovirus, Epstein-Barr virus, hepatitis C virus, human immunodeficiency virus, mycoplasma, or hantavirus.
Influenza H1N1 virus infection may present with impairment of renal function ranging from mild disease to the severe form with need for renal replacement therapy [12] . Before the influenza A:H1N1 pandemic, direct kidney involvement in children with influenza A virus infection had been rarely reported [13] . Recently, Ghiggeri et al. [14] reported two children with influenza A:H1N1 infection who presented with hematuria 48 hours before the start of classic pulmonary signs of influenza. These patients did not develop acute glomerulonephritis and AKI, but it was suggested that macroscopic hematuria may be the first sign of an influenza A:H1N1 infection.
There are several reports of clinical findings of H1N1 infection in children, but few reporting AKI, with a wide range in incidences [15] . Some authors think that the pathophysiologic mechanism of AKI in H1N1-infected patients is multifactorial ATN, mainly because of a combination of hypoperfusion, renal vasoconstriction, and rhabdomyolysis in the setting of severe systemic inflammatory response syndrome [15] . Conversely, in a case series of patients with H1N1 infection, mild to moderate ATN was present in all patients, but myoglobin pigments and thrombotic angiopathy were present only in some patients [12] . Hypotension as well as rhabdomyolysis where found to be significantly correlated with AKI [11] .
The initial treatment of acute TIN is primarily supportive, with dialysis therapy as indicated. In infection-related acute TIN, specific treatment of the underlying infection is indicated [11] . Prognosis for the recovery of renal function in children with acute TIN is excellent [5, 11] . Most affected patients recover renal function completely.
The use of corticosteroid therapy for acute TIN remains controversial. Anecdotal case reports and uncontrolled trials with small number of patients suggest a therapeutic benefit [5, 11] . However, prospective controlled studies of corticosteroids or other cytotoxic agents in acute TIN are lacking. In the absence of therapeutic trials, our case report suggest that treatment with oseltamivir phosphate and moderate dosage of prednisolone is associated with good prognosis in patients who develop AKI due to GIN associated with influenza A:H1N1 infection.
In summary, we presented a severe but reversible case of acute GIN and AKI associated with influenza A:H1N1 infection. Although a causal effect cannot be confirmed, this case suggests that influenza A:H1N1 should be considered in the differential diagnosis of acute GIN manifested with AKI in children.
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